The aim of this study was photocatalytic degradation of methylene blue (MB) dye using titanium dioxide nanoparticles simulated using ultraviolet in batch and tubular reactors. In this study, the effect of different concentrations of titanium dioxide nanoparticles in the photocatalytic process on MB degradation was examined in batch and tubular reactors. The effect of dye concentration, titanium dioxide nanoparticle concentration and aeration level were examined on the process efficiency. Results showed that the removal of MB dye was directly related to the radiation time. The best removal efficiency of dye and chemical oxygen demand (COD) in the batch reactor was 100% and 42.2%, respectively, while it was 93% and 47.8% in the tubular reactor (in 1.2 g/L of titanium dioxide nanoparticles at 60 min). Moreover, as dye concentration increased, dye removal rate decreased. Making use of the batch model to remove dye and COD is more efficient and can be used on a larger scale due to the required removal efficiency and wastewater discharge standards.
INTRODUCTION
Textile industries use large amounts of water (Neppolian et al. ) and are the major consumers. The amount of water consumed in these industries is between 25 and 250 cubic meters per ton of product (according to the type of production process) (Marković et al. ) . Dyes are a group of complex organic matters which enter the environment as a result of various activities such as dyeing and completion in textile industries (Moussavi et al.  ). An ideal way to treat water and wastewater involves degrading all toxic materials without discharging harmful materials from the treatment process, which must be effective regarding expenses and resources. Biological treatment, aeration, adsorption on activated carbon, burning and ozonation processes are practically ineffective in the treatment and removal of resistant organic materials because these materials are resistant to biodegradation and are not degradable. These methods are expensive, and the oxidation processes are not sufficient for degrading various pollutants.
In addition, the production of toxic byproducts and environmental risks are other considerations discussed in this regard (Patel et al. ) . Based on their usages, these materials are categorized into watt, reactive, direct, cationic, acidic and disperse types (Azbar et al. ; Xu et al. ) . Textile industries produce wastewaters with chemical quality and quantity due to dye variations and production methods. In these industries, large quantities of dyeing wastewater is produced that is often toxic, resistant to biodegradation and stable in the environment. Due to the complex cyclic structure and resistant nature of dyes, of most synthetic dyes (Dinçe et al. ; Soares et al. ) .
Studies have shown that textile wastewater has low biochemical oxygen demand (BOD) to chemical oxygen demand (COD) ratio (0.1) which is as a result of the non-biodegradable nature of dyes (Sauer et al.  Jafari ) . The photocatalytic process is a type of advanced oxidation process. It is considered as an important process for removing organic pollutants due to its low cost of treatment operation. Photocatalytic decomposition of dye using titanium dioxide catalyst along with UV is one of the advanced oxidation methods which is increasing in application (Poudyal & Clark ) .
TiO 2 nanoparticles are used as a photocatalyst in two stationary phase and solution phase methods. Both techniques have their own advantages. However, the solution phase removes more concentration of pollutants than the stationary phase, but it must be separated from the solution because titanium dioxide remains in the effluent after treatment (Lachheb et al. ) . Titanium dioxide is a relatively inexpensive material which is non-toxic and insoluble in water. The titanium dioxide photocatalytic process is currently used in Iranian textile industries such as blanketweaving industries, in both batch and tubular reactors.
The aim of this study was to evaluate and compare two tubular and batch reactors as well as to examine the possibility of using the photocatalytic system to help titanium dioxide with ultraviolet (UV-C) radiation for removing methylene blue (MB) dye and COD from synthetic wastewater. Chemicals used in this research were MB dye (Merck Co., Germany) (Table 1 ) and titanium dioxide (Degussa P25) of Anatas Type made in Germany (in the form of powder) ( Figure 1 ). Other chemicals were purchased from Merck Co.
MATERIALS AND METHODS

Materials
Preparation of batch and tubular reactors
To make the batch reactor, a cylindrical glass chamber with a useful volume of 1 L was used. In order to control the temperature of the liquid inside the reactor, a larger Plexiglas chamber in the shape of a cubic column was designed and used as a temperature regulator chamber. The reactor was placed inside the chamber, so cold water could enter the cooling chamber through the inlet and could exit from the other side. UV lamps were first placed inside a quartz tube and were then immersed inside the reactor using arms; thus, the lamp could be used in a submerged form and sufficient contact was obtained with the liquid inside the reactor (Figure 2 ).
To make the tubular reactor, cubic Plexiglas was used as a sample storage chamber; a tubular quartz glass with a volume of 81.2 cm 3 was used as a reaction tube, which length: 460 mm). The reactor's useful volume was 1,000 mL. In both reactors, two 15-watt lamps were used.
The aeration method was used to mix the samples inside the reactor. A peristaltic pump guided the sample from the mixture tank with a discharge of 125 mL/min. Therefore, it took the sample 8 minutes to completely pass through the tube. To prevent the scattering of radiation in the laboratory, the reactor was covered with an aluminum plate. The Tables 2 and 3 show the effects of various parameters, such as different concentrations of titanium dioxide, on the removal efficiency of MB dye and COD. Comparing dye removal efficiency at different concentrations of titanium dioxide showed that the dye removal efficiency increased with the increase in photocatalyst concentration. However, dye removal efficiency showed a slight difference at concentrations of 0.9 and 1.2 of titanium dioxide. According to Table 2 , dye removal efficiency in batch and tubular reactors was 15.2% and 3.5%, respectively, after 5 min of reaction time, while it was 100% and 93%, respectively, after 60 min of reaction time. The results of the present study showed that the removal efficiency of dye and COD increased with the increase in TiO 2 concentration and Concerning concentration of 1.2 g/L of titanium dioxide and contact time of 60 min, the removal efficiency of dye and COD was 100% and 42.2%, respectively, in the batch reactor, while it was 93 and 47.8% in the tubular reactor.
RESULTS AND DISCUSSION
As indicated in Table 4 , increased photocatalyst concentration (up to a certain concentration) played a role in increasing removal efficiency. If the photocatalyst concentration exceeded the optimal limit, it had a negative effect on the removal efficiency because catalyst particles prevented penetration of light photons (Chakrabarti & Dutta ) . The increase of process efficiency with titanium dioxide dosage can be attributed to the increase in reactive radicals for degradation of dye and COD. Asgari et al.
() reported that the catalytic ozonation efficiency increased with bone charcoal dosage as a catalytic in the ozonation process.
To determine the effect of the initial concentration of MB dye on the efficiency of the photocatalytic process, experiments carried out at various concentrations of MB dye in the range of 15-60 mg/L and a titanium dioxide concentration of 1.2 g/L and pH of 7. It was then exposed to UV-C rays for 5-30 min (Table 4 ). According to the table, after 30 min, the process efficiency for dye removal in synthetic wastewater with an initial concentration of 15 mg/L, 30 mg/L and 60 mg/L was 97.7%, 94.2% and 92.2%, respectively, at the batch reactor, while it was 66.7%, 64% and 60%, respectively, at the tubular reactor. As can be seen, by increasing the initial dye concentration the photocatalytic process efficiency decreased. This phenomenon may be due to the fact that during the photocatalytic process only a limited amount of hydroxyl radical is produced, so the process cannot remove or degrade a high amount of pollutants more than a certain concentration. Another suggested reason for this is the large amounts of dye that were adsorbed on titanium dioxide nanoparticles at higher concentrations and prevented the dye molecules from reacting with free radicals and the electron holes. Therefore, the removal efficiency decreased at higher concentrations of dye (Chakrabarti & Dutta ) . Moreover, light photon transition decreased with increasing dye concentration because light photons are adsorbed by dye before they can reach the catalyst particles. Also, as the concentration increased and dye clots appeared, the adsorption on the substrate increased; that is, the photocatalyst was trapped inside dye clots (Ming ) .
These results are consistent with the results of Ling & Mohamed (). Figure 5 shows that after 60 min of contact time, removal efficiency increased from 58.5 to 98% with decreasing pH values from 11 to 3. The results clearly indicate that as pH decreased, removal efficiency increased noticeably.
In other words, the solution pH affected the way the TiO 2 surface was ionized and caused amphoteric behavior of TiO 2 nanoparticles at different conditions (Papadam et al. ) .
This behavior could change the process oxidation power.
Results showed that decomposition of MB followed first order reaction in both reactions. R 2 values reported in Table 5 also 
According to Equation (1), at pH values higher than the isoelectric point, the surface of titanium dioxide In this study, the effect of aeration was also tested on dye reduction; 0.5, 1 and 2 cm 3 /s of air was injected into the reactor by a pump. As shown in Figure 6 , the maximum removal efficiency increased with an increasing amount of injected air. At an initial MB concentration of 60 mg/L, contact time of 60 min and air flow of 2 cm 3 /s, the removal efficiency was 93%, while it was 71% without aeration.
Therefore, aeration has a significant effect on the photocatalyst process and can increase the process efficiency.
This can be attributed to the role of dissolved oxygen in the production of hydroxyl radicals. In the photocatalytic process, an electron was produced by light photons and creation of a hole on the photocatalyst surface. Oxygen is abundant, available and a cheap gas which is capable of trapping electrons in the hydroxyl radical. Therefore, dissolved oxygen in the sample significantly increased the removal efficiency. Concerning formation of hydroxyl radicals, it has been proved that the main reason for the formation of active radicals is the creation of electron holes and production of free electrons; dissolved oxygen increases the production of hydroxyl radicals (Mills & Wang ) . As the amount of dissolved oxygen increased, formation of MB (H 2 ) þ also increased. Rahimi showed that low levels of dissolved oxygen had a negative effect on removal efficiency (Mills & Wang ) . In other words, at low levels of oxygen, MB dye was oxidized and changed into MB. Effects of hydroxyl radical, superoxide, holes and electrons on removal of MB In this part of the experiment the amount of hydroxyl radicals and superoxide was investigated using tetra-butyl alcohol (TBA), and benzoquinone (BQ). First, the optimal dose of TBA and BQ was calculated and then the removal efficiency of MB under optimal conditions of aerated and non-aerated photocatalytic processes were examined.
The optimal doses of TBA and BQ were 11 mg/L and 2.2 mg/L, respectively. According to Figure 7 , under aerated conditions, the contribution of the hydroxyl radical and superoxide radical in removal efficiency were 52% and 4%, respectively.
CONCLUSIONS
The present study has explored the efficiency of the photocatalytic processes in MB removal using titanium dioxide nanoparticles simulated using UV-C in batch and tubular reactors. The results indicate that the system efficiency decreased with an increasing titanium dioxide concentration higher than the optimal concentration (0.9-1.2 g/L) and with increasing dye concentration. The dye removal efficiency was increased by increasing the number of rotations of samples in the tubular reactor. The best removal efficiency of dye and COD in the batch reactor was 100% and 42.2%, respectively, while it was 93% and 47.8% in the tubular reactor (in 1.2 g/L of titanium dioxide nanoparticles at 60 min). Since titanium dioxide used as a photocatalyst in this study could be recycled and separated, it could be said that the UV/TiO 2 process was an environmentally friendly method for dye removal from textile dye wastewater.
